Three-dimensional spheroidal culture of cytotrophoblast cells mimics the phenotype and differentiation of cytotrophoblasts from normal and preeclamptic pregnancies.
Normal placental development is dependent on the orchestrated differentiation of cytotrophoblast (CTB) cells. This study was aimed at studying cytotrophoblast cells from normal and preeclamptic pregnancies in a three-dimensional spheroid-based cell culture model. First trimester cytotrophoblast cells cultured as spheroids maintain their high proliferative and invasive phenotype and respond to different cytokines upon stimulation in a three-dimensional invasion assay. In contrast, third trimester cytotrophoblast spheroids maintain their quiescent nonproliferating phenotype and invasion can only be induced by EGF. Contrasting the regular spheroidal arrangement of cytotrophoblast cells from normal third trimester pregnancies, spheroidal organization of preeclamptic cytotrophoblast cells is disturbed and the cells downregulate CD105 in vivo and in vitro. Furthermore, the invasion of both normal and preeclamptic third trimester, but not first trimester cytotrophoblast cells, is inhibited by pro-inflammatory cytokines. Plasma samples from pregnant women with preeclampsia significantly stimulate the invasion of first trimester cytotrophoblast cells and the sprouting of human umbilical vein endothelial cells (HUVECs) compared to plasma samples from healthy pregnant women. Taken together, the data establish the spheroidal cytotrophoblast model as a powerful system to mimic the in vivo phenotype of first and third trimester and preeclamptic cytotrophoblast cells and demonstrate that plasma-derived factors modulate the differentiation of cytotrophoblast cells.